The performance of a multiple line N2 laser P. Persephonis Abstract . 2014 The decrease of the spark-gap inductance of the N2 laser described in a previous paper [1] influences the peak power and the pulse energy as follows : a) it increases the peak power from double to quadruple line N2 laser up to 58 % and the pulse energy up to 85 %. b) the connection in parallel to the line of another couple of boards (so that the transmission line becomes sixfold), increases the peak power and the pulse energy to about 82 % and 140 % respectively relative to the double line N2 laser.
The limit of the number of boards which may be added in the system is discussed and it is proved limited from the spark-gap inductance.
Revue Phys. Appl.18 (1983) 1. Introduction.
The effort of many investigators is focused on the peak power increase of a N2 laser [2] [3] [4] [5] [6] . The main problem is to put the greatest quantity of electrical energy in the laser tube from the stored energy in the capacitors and in the proper time duration.
The switch system inductance has been discussed widely [2, 3, 7, 8] and it has been proved to be a critical electrical element for both, the peak power and the energy per pulse of the N2 laser. The stored electrical energy in the capacitors also plays a significant
rôle.
An increase of the stored electrical energy could be achieved by increasing either the applied voltage or the capacitance of the system.
In the first case it has been proven both theoretically and experimentally that the peak power and the energy per pulse of the laser is proportional to the applied voltage [3, 9, 10, 11] . In the second case, the increase of the capacitance does not result in a similar increase in the peak power and pulse energy [2, 12, 13] . This is attributed to the resonant period of the pulse forming line (namely the part of the system between spark-gap and laser tube in a classical Blumelein line N2 laser) [1] .
This resonant period increases by increasing the capacitance for constant value of the inductance. This results in the increase of the current and voltage rise time across the electrodes of the laser tube [8, 12, 14, 15] . So that the increase of the stored energy in the capacitors does not produce the expected results.
In a previous work [1] the increase of the peak power and pulse energy of the N2 laser by doubling the capacitance of the system and simultaneously decreasing the inductance of the circuit about 40 % of its initial value was reported. So the resonant period Ti This has been achieved by converting a double transmission line N2 laser to a quadruple one.
As a result, the laser tube was fed with more of the stored electrical energy in the capacitors. Thus, the peak power and pulse energy of the quadruple line N2 laser was increased to about 50 % and 70 %, respectively.
Experimental part-measurements.
One of the conclusions of the previous work [1] is that smaller inductance spark-gap, would undoubtedly increase the electrical energy fraction which is transferred to the laser tube during the discharge and consequently increases the percentage of the peak power increase from one couple of boards to two couples.
For the experimental verification of the above, a N2 laser was ùsed, the construction of which is described in [1] .
Since then the spark-gap of the system was replaced by another of smaller inductance.
Measurements, similar to the ones reported in [1] figure 4 .
In figure 5 the laser peak power percentage increase from double to sixfold line versus laser tube pressure for différent voltages, (repetition rate 10 Hz) is given. Figure 6 shows the peak power versus repetition rate of double quadruple and sixfold transmission line N2 laser for different voltages. 3. Discussion.
The spark-gap replacement with another one of smaller inductance, decreases the current rise time [10] and consequently increases the peak power and pulse energy of the N2 laser. This replacement similarly increases the percentage peak power and energy per pulse increase, when a double line N2 laser is converted to a quadruple line one. This is explained in [1] . The smaller inductance spark-gap allows the use of a sixfold line without saturation in the peak power. This can be explained as follows :
The inductance Li of the double line circuit, as mentioned in [1] , is L1 = Le + Lk + Ll (2) where, L, = the constant gap-switch inductance, Lk = the time varying inductance of the gapswitch discharge channel, Li = the transmission line inductance plus the stray inductance.
Given that the spark-gap inductance is zero, the inductance Lj, from relation 2, degenerates to Li.
In this case, once the transmission line becomes 2 n-fold, by connecting n couples of boards, the line capacitance becomes nC, (CI: the double line capacitance) and the inductance becomes L1 n.
The resonant period remains constant as Consequently, the current rise time also remains constant. Thus, when the spark-gap inductance is zero, the anode voltage rise time remains constant and independent of the number of the couples of boards connected in parallel.
Therefore, the increase of this number will not result in the laser peak power saturation.
However [1] . These differences are attributed to the spark-gap inductance and they will be discussed elsewhere.
The electrical characteristics of the circuit were calculated in the same manner as in [1] . These are given in table III. As can be seen, the resonant period of the circuit, slightly increases with every new couple of boards, which are added to the system. This is due to the spark-gap inductance, as expected. This small increase of the resonant period increases the current rise time and consequently decreases the laser efficiency. Thus the number of boards which it is possible to connect to the laser transmission line (for the same spark-gap) is restricted.
Conclusions.
The spark-gap replacement by another of smaller inductance than the initial one, increases the peak power and pulse energy from double to quadruple transmission line. Thus the average increase of the peak power is altered from about 50 % [1] to 58 % and the average increase of the energy per pulse is altered from about 70 % to 85 %.
This allows the connection of another couple of boards at the quadruple line and so the line becomes sixfold. The average value of the laser peak power increases from about 58 % to about 82 % and the average value of the laser pulse energy also increases from 85 % to 140 % relatively to the peak power and pulse energy of the double transmission line.
In general the spark-gap inductance restricts the couples of boards number which can be connected in parallel to the system. Smaller spark-gap inductance allows larger number of couples of boards to be connected to the system.
